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[57] ABSTRACT 

Information in the form is analyzed based on adjacency 
relationships among cells in the forms. By using adjacency 
relationships, a format may be provided for forms Which are 
divided into cells by separators such as lines, notwithstand 
ing that the positions and sizes of the cells may change, as 
long as their order remains unchanged. In particular, cells 
are extracted from the image data of a form. Adjacency 
relationships among the extracted cells are determined. The 
determined adjacency relationships are compared With a set 
of adjacency relationships are compared With a set of 
adjacency relationships in order to identify the extracted 
cells. Information contained in the form is then recognized 
based upon the identi?ed extracted cells. In particular, the 
information contained in the form is recognized, based upon 
the identi?ed cell in Which the information is contained. 

30 Claims, 13 Drawing Sheets 
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METHODS, SYSTEMS AND COMPUTER 
PROGRAM PRODUCTS FOR ANALYZING 
INFORMATION IN FORMS USING CELL 

ADJACENCY RELATIONSHIPS 

FIELD OF THE INVENTION 

The present invention relates to methods, systems and 
computer program products for analyzing a layout of a 
document, and, more particularly, to methods, systems and 
computer program products for analyzing a layout of a form. 

BACKGROUND OF THE INVENTION 

Forms are Widely used in many consumer and commercial 
environments. Presently, forms are being processed by com 
puters to enhance efficiency. As used herein, a form is a 
particular type of document. A form has a number of 
horiZontal and vertical separators such as lines therein. 
Regions surrounded by these lines are called cells. A cell 
may be a region previously printed on the form itself such 
as “Name” (a header ?eld), or a text ?eld in Which a user 
speci?cally ?lls in his or her name or address. These ?elds 
are laid out on the form in a prede?ned layout. 

Generally, a system Which processes a form captures an 
image of the form (bitmap) using a reader device such as an 
OCR so that the form processing system can extract neces 
sary information from the form. The layout of the form is 
determined by analyZing the image on the basis of a format 
previously stored in the memory of the computer system. 
The format is a model for analyZing the layout of form. The 
layout of the form is analyZed by referring to this model for 
comparison. The analysis enables the system to identify 
What information such as an address or name exists at a 

prede?ned position on the form, and to recogniZe images of 
characters, numbers and symbols actually existing at that 
position as text by using Well knoWn character recognition 
techniques. This alloWs the system to recogniZe the infor 
mation ?lled in that position as a text. 

A simple conventional format is de?ned on the basis of 
positions and length of lines previously printed on the form, 
and characters previously printed (headers). In other Words, 
the format is a blank form in Which nothing is entered. Based 
on such a format, the blank form is erased from the bitmap 
of the form actually read by the reader device, and analyZed 
for the layout of the form. Thus, information on the form is 
identi?ed. 

FIG. 1 shoWs samples of speci?c forms. These three 
samples A, B and C differ from each other in the positions 
and length of lines therein. Conventionally, forms Which can 
be handled With one format are generally limited to those in 
Which positions and lengths of lines existing in the form 
exactly match the information of the format. Thus, the layout 
of the three samples of FIG. 1, generally cannot be readily 
analyZed With one format. Therefore, different formats cor 
responding to each of the samples A, B and C are generally 
provided. Since the memory area for storing data of respec 
tive formats may increase, excessive memory may be used. 
In addition, every time the form processing system receives 
a form, it may need to verify to Which form it corresponds, 
so that the speed for processing the form may decrease. The 
decrease in processing speed may become signi?cant as the 
number of forms to be processed increases. 

In order to make it possible to accommodate a plurality of 
different forms Which have different layouts With a single 
format, a technique has been proposed Which de?nes a 
format based on an order of draWing lines in the form instead 
of using strict matching of positions or length of lines as the 
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2 
reference. In the sample B of FIG. 1, for example, the entire 
form is ?rst divided into upper and loWer areas by traversing 
it (Line 1). Then, the divided upper and loWer areas are 
further vertically divided (Lines 2 and 3), so that the upper 
area is divided into a “Name area” and a “Zip area,” and the 
loWer area is divided into an “Address area” and a “Phone 
area.” Furthermore, respective areas are vertically divided 
into a header area and a text ?eld (Lines 4, 5, 6, and 7). 
The format for sample B Which is de?ned by the order of 

line draWing in the form, can be applied to a form in Which 
the Line 5 in FIG. 1(B) is replaced With a Line 5‘, because 
the order of line draWing is unchanged. HoWever, this format 
generally cannot be applied to the sample C in Which the 
order differs from that for the sample B. In the case of 
sample C, the entire form is ?rst vertically divided (Line 1) 
so that the form is divided into tWo right and left areas. Then, 
the divided right and left areas are horiZontally divided 
(Lines 2 and 3). 

Since the forms of FIGS. 1(B) and (C) differ from each 
other in the order of line draWing, they generally are 
represented by different formats. Therefore, this approach 
may not handle the three samples shoWn in FIG. 1 With a 
single format. In addition, When a format is produced from 
an actual form, or When a format is updated With a neW form, 
expertise may be necessary to perform such operation. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
methods, systems and computer program products for ana 
lyZing information in a form With a speci?c layout. 

It is another object of the present invention to provide 
methods, systems and computer program products Which 
can analyZe information in a form Which is divided into cells 
by separators such as lines, Wherein the cells are in various 
positions and siZes, While the order of arranging the cells 
remains the same. 

It is yet another object of the present invention to provide 
methods, systems and computer program products Which 
can analyZe a layout of a form so that the form can be 
ef?ciently handled. 

These and other objects are provided, according to the 
present invention, by methods for analyZing information in 
a form, based on adjacency relationships among a plurality 
of cells in the form. By using adjacency relationships, a 
format may be provided for forms Which are divided into 
cells by separators such as lines, notWithstanding that the 
positions and siZes of the cells may change, as long as their 
order remains unchanged. 

In particular, methods for analyZing information in a form 
from image data of the form Which is stored in a computer 
system includes the steps of extracting a plurality of cells 
from the image data of the form. Adjacency relationships 
among the plurality of extracted cells are determined. The 
determined adjacency relationships are compared With a set 
of adjacency relationships Which are stored in the computer 
system. The plurality of extracted cells are identi?ed based 
on the compared adjacency relationships. The information 
contained in the form is then recogniZed based upon the 
identi?ed plurality of extracted cells. In particular, the 
information contained in the form is recogniZed based upon 
the identi?ed cell in Which the information is contained. 

Prior to performing the comparison, a set of adjacency 
relationships is identi?ed in cells of at least one sample form 
and the type of information Which is contained in each of the 
cells of the sample form is associated With that cell. The set 
of adjacency relationships and the associated types of infor 
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mation are stored in the computer system as a format for use 
during the comparison. 

Various types of adjacency relationships may be used 
according to the present invention. For example, the stored 
adjacency relationships may de?ne lines Which are shared 
by the cells. The cells may be correlated to common nodes 
and common edges, such that the common nodes are con 
nected by edges. The cells may also be described as a 
collection of lines and the connections among the collection 
of lines may be identi?ed. Dependencies among the collec 
tion of lines may also be identi?ed. 

According to another aspect of the present invention, 
methods are provided for producing format data for analyZ 
ing layouts of a plurality of forms With different arrange 
ments of cells. At least one form sample is prepared in Which 
a plurality of cells are arranged in a predetermined manner. 
Image data of the at least one form sample is stored in a 
computer system. A plurality of cells is extracted from the 
image data. Adj acency relationships are determined among 
the plurality of cells. The plurality of cells are correlated to 
nodes and the adjacency relationships are correlated to 
edges, such that the nodes and edges provide format data for 
the forms. This format data can then be used for later 
analysis as described above. 

In correlating the plurality of cells to nodes and adjacency 
relationships to edges, loWer order format data may be 
generated in Which the plurality of cells are correlated to 
nodes and the adjacency relationships are correlated to 
edges. Format data is then generated from the loWer order 
format data, in Which the plurality of cells are correlated to 
nodes and the adjacency relationships common to the loWer 
order format data are correlated to edges. In performing the 
correlation, a line shared by adjacent cells may be used to 
represent the adjacency relationship betWeen adjacent cells. 
Also, the cells may be represented using an aggregation of 
lines. After the correlation is performed, it may be veri?ed 
Whether all the nodes in the format data are connected by 
edges. Accordingly, formats may be generated and forms 
may be analyZed using cell adjacency relationships, so that 
forms can be accurately analyZed even though the cell shape 
and siZe may change, as long as the order of arranging the 
cells remains unchanged. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1(A)—1(C) are samples of a speci?c form. 
FIG. 2 is a ?oWchart illustrating operations for generating 

a format according to the invention. 

FIG. 3 is a diagram illustrating adjacency relationships 
betWeen cells. 

FIGS. 4(a)—4(c) are tables summariZing the adjacency 
relationships betWeen all cells in a sample. 

FIG. 5 is a table listing higher order formats generated on 
the basis of the loWer order formats in FIGS. 4(a)—4(c). 

FIG. 6 is an undirected graph shoWing connectedness of 
the higher order formats in FIG. 5. 

FIG. 7 is a diagram shoWing the higher order formats in 
FIG. 5. 

FIG. 8 is a diagram representing FIG. 7 in lines. 
FIG. 9 is a table of formats in FIG. 5 converted into a 

representation With lines. 
FIG. 10 is a table shoWing dependency betWeen the lines. 
FIGS. 11(A)—11(C) are diagrams illustrating processing 

When extracted lines are blurred. 

FIG. 12 is a block diagram of a form processing system. 
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4 
FIG. 13 is a ?oWchart shoWing operations for processing 

a form. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The present invention noW Will be described more fully 
hereinafter With reference to the accompanying draWings, in 
Which preferred embodiments of the invention are shoWn. 
This invention may, hoWever, be embodied in many different 
forms and should not be construed as limited to the embodi 
ments set forth herein; rather, these embodiments are pro 
vided so that this disclosure Will be thorough and complete, 
and Will fully convey the scope of the invention to those 
skilled in the art. Like numbers refer to like elements 
throughout. 
As Will be appreciated by one of skill in the art, the 

present invention may be embodied as methods or devices. 
Accordingly, the present invention may take the form of an 
entirely hardWare embodiment, an entirely softWare embodi 
ment or an embodiment combining softWare and hardWare 
aspects. 
The present invention is described herein With reference 

to ?oWcharts. It Will be understood that each block of the 
?oWchart illustrations, and combinations of blocks in the 
?oWchart illustrations, can be implemented by computer 
program instructions. These program instructions may be 
provided to a processor to produce a machine, such that the 
instructions Which execute on the processor create means for 
implementing the functions speci?ed in the ?oWchart block 
or blocks. The computer program instructions may be 
executed by a processor to cause a series of operational steps 
to be performed by the processor to produce a computer 
implemented process such that the instructions Which 
execute on the processor provide steps for implementing the 
functions speci?ed in the ?oWchart block or blocks. 

Accordingly, blocks of the ?oWchart illustration support 
combinations of means for performing the speci?ed 
functions, combinations of steps for performing the speci 
?ed functions and program instruction means for performing 
the speci?ed functions. It Will also be understood that each 
block of the ?oWchart illustration, and combinations of 
blocks in the ?oWchart illustration, can be implemented by 
special purpose hardWare-based systems Which perform the 
speci?ed functions or steps, or combinations of special 
purpose hardWare and computer instructions. 
A form for Which a layout can be analyZed according to 

the present invention includes a plurality of cells 
(predetermined regions in the form) arranged in a prede?ned 
manner. A typical form includes a format. Usually, a cell is 
divided by separators such as lines and blank spaces. In a 
form, a header area previously entered With “name” and a 
text area to Which a name is speci?cally entered are cells. In 
the folloWing description, a typical application of the present 
invention is described for analysis of a layout of form. 
Generation of Format 
A format is a model for analyZing a layout of a form. The 

layout of a form is analyZed by referring to this model. The 
format de?nes a type of information existing in the cell, and 
an adjacency relationship betWeen the cells. In general, the 
format is ?rst uniquely described, and all cells from the form 
are identi?ed by tracing relations of cells such as ?elds in the 
format. The format is described on the basis of an adjacency 
relationship betWeen the cells in the form. Formats With 
different length and positions of lines can be accommodated 
With one format by noticing the adjacency relationship 
betWeen the cells. Speci?cally, it becomes possible to apply 
the same formats to the three samples shoWn in FIGS. 

1(A)—1(C). 
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The format may be represented by a directed graph, the 
nodes of Which are correlated to the cells in the form, and the 
edges of Which are correlated to adjacency relationships 
betWeen the cells. The format can uniquely represent the 
form Which is an aggregation of cells Which are rectangles 
surrounded by lines. FIG. 2 is a ?oWchart shoWing opera 
tions for generating a format. Respective steps are described 
With reference to the samples of FIGS. 1(A), 1(B) and 1(C). 
Extraction of Cells From Samples (Step 201) 
A form includes ?elds Which are surrounded and sepa 

rated by lines or other separators. In addition, the smallest 
area existing in the form and surrounded by lines is called a 
cell. It is preferable that each cell is a quadrangle, and there 
is no gap (non-cell area) betWeen adjacent cells. In the 
folloWing description, an example is used Where the cells are 
physically adjacent. HoWever, “adjacent” in the present 
invention is not limited to the above case. Rather, even if the 
cells are separated, they can be considered to be in an 
adjacent state as long as certain conditions are met. That is, 
adjacent referred to herein is de?ned as a state Where cells 
contact one line or a plurality of lines on one straight line on 
the same side, and a state Where cells are separated Without 
intervening other cells on the same side. 
At step 201, cells corresponding to nodes of the graph are 

extracted. For the sample A, eight cells, that is, “Name (H),” 
“Name (T),” “ZIP (H),” “ZIP (T),” “Address (H),” “Address 

(T),” “Phone (H),” and “Phone (T)” are obtained. Here, represents a header previously printed on the form, While (T) 

represents text to be entered. For example, the cell “Name 
(H)” indicates a rectangular area Where the previously 
printed characters “Name” exist, While the cell “Name (T)” 
is a blank ?eld at the right thereto, and an entering ?eld 
Where a name is actually entered. 
Generation of LoWer Order Format (Step 202) 

For the cells obtained in step 201, a loWer order format is 
generated on the basis of their adjacency relationships. A 
loWer order format is generated for each sample. Generation 
of these loWer order formats is a pretreatment for generating 
the higher order formats Which are ?nally required. The 
loWer order format is represented as a directed graph, the 
nodes of Which are correlated to the cell obtained in step 
201, and the edges of Which are correlated to the adjacency 
relationship betWeen the cells. 

The adjacency relationship is described in detail in FIGS. 
3(a)—3(c). Information on the adjacency relationship is 
information indicating Whether or not one cell is adjacent to 
another cell, and, if it is adjacent, Which of upper, loWer, 
right or left of the cell is adjacent to another cell. A state 
Where the cell A and the cell B are arranged as shoWn in 
FIGS. 3(a) and 3(b) indicated that the cells A and B are in 
an adjacency relationship. When the cells are adjacent in 
such a manner, it is indicated that the cells A and B share 
Line 1. For Line 2, since the cells A and B contact the Line 
2 on the opposite sides, it is not said that the Line 2 is shared 
by the cells A and B. Similarly, the cells A and B shoWn in 
FIG. 3(c) are not adjacent. 

Information on the adjacency relationship includes infor 
mation on Which line the cells share. That is, it is identi?ed 
Which of a left line, a right line, an upper line, or a loWer line 
a line that a cell shares With another cell. For example, for 
the sample of FIG. 1(A), the cells “Name (H)” and “Name 
(T)” share both the upper and loWer lines. In addition, the 
cells “Name (H)” and “Address (H)” share the left and right 
lines. FIG. 4(a) is a table summariZing adjacency relation 
ships betWeen all cells in such sample A. In the table, a 
symbol “R” means that tWo cells share the right line. 
Similarly, symbols “L,” “T,” and “B” mean that the left line, 
the upper line, and the loWer line are shared, respectively. 

10 

15 

25 

35 

45 

55 

65 

6 
The loWer order format of the sample A is represented as 

a directed graph, Which is equivalent to the table of FIG. 
4(a). Nodes of the graph are correlated to the cells. In 
addition, it is suf?cient for the directed edge of the graph that 
its start point is correlated to a cell in the left end column of 
the table, and its end point is correlated to a cell in the 
uppermost roW of the table. T, B, L, and R in the table are 
shared edges. Since the relation betWeen cells may be better 
understood With a list that is equivalent to a directed graph 
as shoWn in FIG. 4, rather than With the representation With 
such directed graph, in the description that folloWs, a format 
Will be represented by such a table. 
Generation of LoWer Order Formats for All Samples (Step 
203) 

The loWer order formats are generated for all samples. If 
all samples are not yet processed, steps 201 and 202 are 
executed for unprocessed samples. Accordingly, the loWer 
order formats are generated for the samples B and C shoWn 
in FIGS. 1(A)—1(C) as Was done for sample Aof FIG. 1(A). 
FIGS. 4(b) and (c) are the loWer order formats for the 
samples B and C, respectively. 
Generation of Higher Order Format (Step 204) 
To process a plurality of forms With one format, infor 

mation common to the forms is extracted. To this end, the 
higher order formats are determined by extracting only 
common adjacency relationships from the plurality of loWer 
order formats obtained in step 203. According to the table of 
FIG. 4, since all the samples A, B and C have a common 
relation of “TB” With the cells “Name (H)” and “Name (T),” 
it can be understood that all samples share the node and the 
loWer line. In addition, since only “L” is common to the cells 
“Name (H)” and “Name (T),” it can be understood that all 
samples share the left line. Thus, the higher order formats 
are generated by extracting only information common to all 
loWer order formats. FIG. 5 is a table shoWing the higher 
order formats based on the loWer order formats of FIG. 4. 
Veri?cation of Higher Order Format (Step 205) 
Whether or not the higher order formats generated in step 

204 can be applied to all samples is veri?ed by con?rming 
connectedness of the cells. That is, When the directed graph 
representing the higher order format is converted into an 
undirected graph, it is determined Whether or not it is a 
connected graph. FIG. 6 shoWs undirected graphs of the 
higher order formats (FIG. 5) obtained from the samples A, 
B and C. Since these graphs are connected graphs, the higher 
order formats are formats applicable to these samples. 

Since formats of the embodiment uses the adjacency 
relationship betWeen the cells, a cell should alWays be traced 
by the adjacency relationship With another cell. The fact that 
the higher order format is a connected graph means that all 
cells can be traced by folloWing the adjacency relationship 
With other cells from any cell as the reference. Accordingly, 
the higher order format Would be applicable for all samples. 

If the higher order format is not a connected graph, this 
format generally has insuf?cient information for identifying 
a cell, so that cells Which cannot be identi?ed With an 
adjacency relationship may occur. When the generated for 
mat is incomplete as above, the number of samples may be 
reduced by removing sample C from the subject, and per 
forming the above steps, thereby to generate a complete 
format. In this case, another format is generated for sample 
C. 
The type of form Which can be processed With one format 

Will noW be described. First, When the formats represented 
by the table of FIG. 4 are represented by a diagram, it 
becomes as shoWn by FIG. 7. In FIG. 7, the representation 
of a circle indicates that cells are not adjacent around the 
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intersection. This intersection is called a “non-LSA (non 
Line Shared Adjacent) point”. Therefore, since the line 
shared by the cells passes through a non-LSA point, “Name 
(T)” is not adjacent to “Address (T),” and “Zip (H)” is also 
not adjacent to “Phone (H).” Intersections other than a 
non-LSA point are called LSA points. Samples of three 
forms shoWn in FIG. 1 can be represented by one format 
represented by FIG. 7. Differences betWeen these three 
samples lie in differences in combinations of cells. This is 
referred to as “difference of cell layout.” Thus, three layouts 
of cells can be represented With one non-LSA point. 

Layouts of the samples A, B and C can be analyZed With 
one format by using the higher formats (FIG. 5) Which 
provide the connected graph as shoWn in FIG. 6. Based on 
such format, it is possible to identify from the bitmap of a 
form actually read by a reader What information exists at 
prede?ned locations in the form. Then, text Which is infor 
mation to be extracted is extracted by recogniZing characters 
and symbols as images existing at that position, using 
conventional character recognition technology. 

Even if a form has a layout other than those of the samples 
A, B and C shoWn in FIG. 1, as long as the adjacency 
relationship betWeen the cells matches the higher order 
format, the layout can be analyZed With this format. 
Processing of Actual Form With Format 

Basically, a format is de?ned by a graph based on the 
adjacency relationship betWeen cells. When an actual form 
is processed by using this format, the folloWing procedure 
may be used: 

(1) Extract lines from the image of the form through form 
analysis; 

(2) Extract cells by looking for areas surrounded by lines; 
and 

(3) Determine that they are cells by comparing actual cells 
With the cell information in the format. 

The format described on the basis of the adjacency 
relationship betWeen cells is basically applied on the 
assumption that the cells are identi?ed from the image data 
of the form. Accordingly, in applying the format, it is ?rst 
assumed that cells surrounded by lines are identi?ed. 
HoWever, When an actual form is processed, lines may be 
lost due to blur, or extra line segments may be extracted due 
to dirt. This may cause a cell not to be recogniZed as a cell 
because it is not perfectly surrounded due to blur in the lines. 
Then, When a form is actually processed, it is preferable to 
represent the description of cells in a format With lines so 
that the cells are properly recogniZed and the format can be 
effectively applied. That is, a representation of the adjacent 
cell format by adjacent information betWeen the cells is 
converted into an equivalent representation by lines. 

Information on the adjacency relationship is four of a pair 
of adjacent cells, shared lines, and lines existing betWeen the 
cells. For the state shoWn in FIG. 3(a), for example, they are 
the cells A and B, and the Lines 1 and 2. Based on these 
adjacency relationships betWeen the cells, the folloWing 
information is obtained for each line: 

(1) The upper end of Line 2 is on the Line 1 (connects the 
Line 1); 

(2) The position of the loWer end of the Line 2 is 
undetermined; and 

(3) The positions of the right and left ends of the Line 1 
are undetermined. 

In addition, for the state shoWn in FIG. 3(b), the folloWing 
information is obtained for each line: 

(1) The left end of the Line 2 is on the Line 1 (connects 
the Line 1); 
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(2) The position of the right end of the Line 2 is unde 

termined; and 
(3) The positions of the upper and loWer ends of the Line 

1 are undetermined. 
The undetermined end positions are determined by infor 

mation on the adjacency relationship betWeen the cells. 
Thus, conversion is performed to represent the cells With an 
aggregation of lines. This conversion is applied to the entire 
format to determine information on the lines and these end 
points. The information on the lines and the end points to be 
determined should folloW the folloWing rules: 

(1) If the determined line is an extension of an existing 
line, extend the existing line Without creating a neW 
line; and 

(2) If the end points of a line are determined, add a neW 
end point to Which information on multiple end points 
is provided even if that line has information on the end 
point. 

FolloWing such rules, the format of FIG. 7 can be repre 
sented by four horiZontal lines (Lines Athrough D) and eight 
vertical lines (Lines a through h) as shoWn in FIG. 8. It 
should be noted that, although the Lines B and C are 
extensions of existing lines, they are made separate lines 
because they pass through non-LSA points. The same is true 
for the Lines c and f. 
When the table of format shoWn in FIG. 5 is converted 

into the representation With such lines (FIG. 8), the table 
shoWn in FIG. 9 is obtained. Here, representations of “N ( ),” 
“A ( ),” “Z ( ),” and “P ( )” indicate “Name ( ),” “Address 
( ),” “Zip ( ),” and “Phone ( ),” respectively. The represen 
tations H and T in the parentheses indicate a header and a 
text, respectively. For example, the horiZontal Line A con 
tacts the vertical Lines b and a at its loWer side to constitute 
the cell N In addition, the horiZontal Line B contacts the 
vertical Lines a and c at its upper side to constitute the cell 
N On the other hand, the vertical line a contacts the 
horiZontal Line A and B at its left side to constitute the cell 
N (H), and contacts the horiZontal Lines A and B at its right 
side to constitute the cell N 

In addition, the format preferably also de?nes dependen 
cies betWeen these lines. Each line contacts another line at 
its end point. When one line is searched in an actual form, 
if the position of another line contacting an end of that one 
line is previously de?ned, the position of end point of that 
one line can be identi?ed to some extent. For example, When 
the upper end of a vertical line is connected to a horiZontal 
line, if the position of the horiZontal line is identi?ed, the Y 
coordinate value of the upper end of the vertical line is 
identi?ed. The horiZontal direction is assumed to be X 
coordinate, While the vertical direction is assumed to be Y 
coordinate. In the examples of FIGS. 2 (a) and (b), the Line 
2 depends on the Line 1. 

For the lines in the format of FIG. 9, the dependencies of 
a line are determined on the basis of the connecting relations 
of end points of the line. When a dependency graph obtained 
from the table of FIG. 9 is represented in a table form, a table 
shoWn in FIG. 10 may be obtained. When the lines in the left 
end column of this table depend on the lines in the top roW, 
“X” is marked. 

In generating the dependency of lines, the vertical and 
horiZontal lines are treated Without distinction. In addition, 
lines on the outer periphery (Lines A, D, b, and h) are treated 
as if they do not depend on other lines. The line on the outer 
periphery is for the vertical lines (Lines b and h), a line not 
connected to other lines on either one of the left or right side, 
and not having contact point information; and, for the 
horiZontal lines (Lines A and D), is a line not connected to 
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other lines on either one of the upper or loWer side, and not 
having contact point information. HoWever, if the depen 
dency of lines is looped, the dependency is cut at a suitable 
position to eliminate the closed loop. 
When the adjacency relationship betWeen cells in the 

format is described by lines, as described above, to deter 
mine the dependency of the lines, the line can be effectively 
extracted even if the line extracted from an actual form is 
blurred or dirty, so that a cell can be identi?ed. The line can 
be extracted because length of a line is determined by the 
positions of both ends of a line to Which it depends. 
Therefore, the length and position of the line can be esti 
mated from the lines at both ends even if it is blurred. This 
makes it possible to accurately extract a line, not only When 
the line is blurred, but also When an intersection is blurred 
and cannot be determined. 

FIGS. 11(A)—11(C) illustrate processing When extracted 
lines blur. FIG. 11(A) shoWs a part of a format. A horiZontal 
Line A depends on vertical Lines a and c. FIG. 11(B) shoWs 
components of actual lines extracted from an actual form. 
The extracted horiZontal Line 1 blurs and does not reach the 
vertical Lines 2 and 4. In addition, the extracted vertical Line 
4 blurs near the intersection With the horiZontal Line 1. In 
such a case, since positions and length of the lines extracted 
from the form can be identi?ed to some extent by referring 
to the dependency of the lines on the format, it becomes 
possible to determine that lines in FIG. 11(C) exist. 

In addition, according to this method, it is possible to 
calculate cost based on difference betWeen the number of 
other lines connecting to a line on the format and the number 
of connections of extracted lines, and to determine a com 
bination Which minimiZes the cost as the ?nal result. 
Accordingly, even if extra line segments are extracted due to 
dirt or the like, a case With least effect can be searched as a 
Whole. Conventionally, once extra intersections or cells have 
been extracted due to extra line segments, they may signi? 
cantly affect the subsequent analysis. According to the 
present method, in?uence by local dirt can be reduced and 
preferably eliminated. 

FIG. 12 is a block diagram of a form processing system 
according to the invention. All of the elements of FIG. 12 
may be included as part of a computer system. A format 
recorder section 11 records format information based on 
adjacency relationships betWeen cells. Such information 
includes What information exists in respective cells (for 
example, address, name, phone number, etc.) and the adja 
cency relationships betWeen cells. As described above, the 
adjacency relationship betWeen cells may be represented by 
lines. Aformat generator section 12 generates a format from 
form samples and determines connectedness of the cells. In 
addition, the format generator section 12 updates an existing 
format based on a form sample having a neW layout. If a 
format generated on the basis of a neW sample cannot assure 
the connectedness of the cells, the generated format is 
incomplete. Accordingly, in such a case, a format conform 
ing to the neW sample is generated Without updating the 
existing format, and is stored in the format recorder section 
11. 

Areader 13 generates image data of the form by scanning 
the form. The image data is recorded in an image recorder 
section 14. Acell extractor section 15 extracts cells (vertical 
and horiZontal lines) from the image data of the form, and 
determines the adjacency relationship betWeen cells from 
the image data. A layout analyZer section 16 matches the 
adjacency relationship betWeen cells of the form extracted 
by the cell extractor section 15 With the adjacency relation 
ship de?ned by the format stored on the format storage 
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section 11, and identi?es to Which cell in the format a cell 
in the form corresponds by comparing them. This enables 
the layout analyZer section 16 to identify What information 
(for example, address) exists at a position in the form. A 
recogniZer section 17 recogniZes information existing at a 
position in the form (for example, characters, numerals, 
symbols and the like speci?cally entered as the address by 
the user) With conventional character recognition technol 
ogy according to the result of analysis of the layouts of the 
form by the layout analyZer section 16. 

FIG. 13 is a ?oWchart illustrating operations for process 
ing a form. First, a format Which de?nes What information 
exists in each cell in the form is prepared, and the adjacency 
relationship betWeen the cells is de?ned (step 101). This 
format is stored in the format storage section 11. Then, a 
plurality of cells are extracted from the form, and the 
adjacency relationship betWeen the cells is determined (step 
102). The adjacency relationship betWeen the cells in the 
form is compared With the adjacency relationship de?ned by 
the format to identify to What cell in the format a cell in the 
form corresponds, thereby identifying What information 
exists at a position in the form (step 103). Then, the 
information existing at the identi?ed position is recogniZed 
(step 104). 

While the above embodiment Was described for a case 
Where the cells are separated by lines, the present invention 
may be applied to a form Where cells are separated by 
demarcators or separators other than lines. For example, if 
there exist blanks With Width Wider than a certain Width 
betWeen cells, these blanks are considered to be separators, 
and can be treated similar to the lines. 
As described, the present invention de?nes a format based 

on an adjacency relationship betWeen cells. Accordingly, as 
long as the adjacency relationship betWeen the cells in a 
form to be processed is the same as that de?ned in the 
format, the cells can be uniformly processed With one format 
even if their positions and siZes differ. Particularly, repre 
senting the adjacency relationship betWeen the cells With a 
line enables it to effectively analyZe a layout of a form even 
When the lines in the form are blurred or dirty. 

In the draWings and speci?cation, there have been dis 
closed typical preferred embodiments of the invention and, 
although speci?c terms are employed, they are used in a 
generic and descriptive sense only and not for purposes of 
limitation, the scope of the invention being set forth in the 
folloWing claims. 

That Which is claimed: 
1. A method for analyZing information in a form from 

image data of the form Which is stored in a computer system, 
the analyZing method comprising the steps of: 

extracting a plurality of cells from the image data of the 
form; 

determining adjacency relationships among the plurality 
of extracted cells by generating loWer order format data 
in Which the plurality of cells are correlated to nodes 
and the adjacency relationships are correlated to edges 
and generating format data from the loWer order format 
data in Which the plurality of cells are correlated to 
nodes and the adjacency relationships common to the 
loWer order format data are correlated to edges; 

comparing the determined adjacency relationships With a 
set of adjacency relationships Which are stored in the 
computer system; 

identifying the plurality of extracted cells based on the 
compared adjacency relationships; and 

recogniZing information contained in the form based upon 
the identi?ed plurality of extracted cells. 
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2. A method according to claim 1 wherein the step of 
recognizing information comprises the step of: 

recognizing information contained in the form based upon 
the identi?ed cell in Which the information is con 
tained. 

3. A method according to claim 1 Wherein the step of 
comparing is preceded by the steps of: 

identifying a set of adjacency relationships in cells of at 
least one sample form by generating loWer order format 
data in Which the plurality of cells are correlated to 
nodes and the adjacency relationships are correlated to 
edges and generating format data from the loWer order 
format data in Which the plurality of cells are correlated 
to nodes and the adjacency relationships common to the 
loWer order format data are correlated to edges; 

associating a type of information Which is contained in 
each of the cells of the at least one sample form; and 

storing the set of adjacency relationships and the associ 
ated types of information in the computer system. 

4. A method according to claim 1 Wherein the stored 
adjacency relationships de?ne lines Which are shared by the 
cells. 

5. A method according to claim 3 Wherein the step of 
identifying a set of adjacency relationships in cells of at least 
one sample form comprises the steps of: 

correlating the plurality of cells to common nodes; and 
correlating the plurality of cells to common edges. 
6. A method according to claim 5 Wherein all of the 

common nodes are connected by edges. 
7. A method according to claim 3 Wherein the step of 

identifying a set of adjacency relationships in cells of at least 
one sample form comprises the steps of: 

describing the cells as a collection of lines; and 
identifying the connections among the collection of lines. 
8. A method according to claim 7 further comprising the 

step of identifying dependencies among the collection of 
lines. 

9. A method for producing format data for analyZing 
layouts of a plurality of forms With different arrangements of 
cells, comprising the steps of: 

preparing at least one form sample in Which a plurality of 
cells are arranged in a predetermined manner; 

storing image data of the at least one form sample in a 
computer system; 

extracting from the image data, a plurality of cells; 
determining adjacency relationships among the plurality 

of extracted cells; and 
correlating the plurality of cells to nodes and correlating 

the adjacency relationships to edges, such that the 
nodes and edges provide format data for the forms, 
Wherein the correlating step comprises the steps of; 

generating loWer order format data in Which the plurality 
of cells are correlated to nodes and the adjacency 
relationships are correlated to edges; and 

generating format data from the loWer order format data 
in Which the plurality of cells are correlated to nodes 
and the adjacency relationships common to the loWer 
order format data are correlated to edges. 

10. Amethod according to claim 9 Wherein the correlating 
step comprises the step of using a line shared by adjacent 
cells to represent the adjacency relationship betWeen the 
adjacent cells. 

11. Amethod according to claim 9 further comprising the 
step of verifying Whether all of the nodes in the format data 
are connected by edges. 
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12. Amethod according to claim 9 Wherein the correlating 

step comprises the step of representing the cells in the format 
data With an aggregation of lines. 

13. A computer system for analyZing information in a 
form from image data of the form Which is stored in the 
computer system, the analyZing system comprising: 
means for extracting a plurality of cells from the image 

data of the form; 
means for determining adjacency relationships among the 

plurality of extracted cells by generating loWer order 
format data in Which the plurality of cells are correlated 
to nodes and the adjacency relationships are correlated 
to edges and generating format data from the loWer 
order format data in Which the plurality of cells are 
correlated to nodes and the adjacency relationships 
common to the loWer order format data are correlated 
to edges; 

means for comparing the determined adjacency relation 
ships With a set of adjacency relationships Which are 
stored in the computer system; 

means for identifying the plurality of extracted cells based 
on the compared adjacency relationships; and 

means for recogniZing information contained in the form 
based upon the identi?ed plurality of extracted cells. 

14. Asystem according to claim 13 Wherein the means for 
recogniZing information comprises: 
means for recogniZing information contained in the form 

based upon the identi?ed cell in Which the information 
is contained. 

15. A system according to claim 13 further comprising: 
means for identifying a set of adjacency relationships in 

cells of at least one sample form by generating loWer 
order format data in Which the plurality of cells are 
correlated to nodes and the adjacency relationships are 
correlated to edges and generating format data from the 
loWer order format data in Which the plurality of cells 
are correlated to nodes and the adjacency relationships 
common to the loWer order format data are correlated 
to edges; 

means for associating a type of information Which is 
contained in each of the cells of the at least one sample 
form; and 

means for storing the set of adjacency relationships and 
the associated types of information in the computer 
system. 

16. A system according to claim 13 Wherein the stored 
adjacency relationships de?ne lines Which are shared by the 
cells. 

17. Asystem according to claim 15 Wherein the means for 
identifying a set of adjacency relationships in cells of at least 
one sample form comprises: 
means for correlating the plurality of cells to common 

nodes; and 
means for correlating the plurality of cells to common 

edges. 
18. A system according to claim 17 Wherein all of the 

common nodes are connected by edges. 
19. Asystem according to claim 15 Wherein the means for 

identifying a set of adjacency relationships in cells of at least 
one sample form comprises: 
means for describing the cells as a collection of lines; and 
means for identifying the connections among the collec 

tion of lines. 
20. A system according to claim 19 further comprising 

means for identifying dependencies among the collection of 
lines. 




